The Octagon and the Non-Supersymmetric String Landscape by Argurio, Riccardo et al.
The Octagon and the Non-Supersymmetric String Landscape
Riccardo Argurio1,∗ Matteo Bertolini2,3,† Sebastia´n Franco4,‡ Eduardo
Garc´ıa-Valdecasas1,§ Shani Meynet2,¶ Antoine Pasternak1,∗∗ and Valdo Tatitscheff5††
1 Physique The´orique et Mathe´matique and International Solvay Institutes,
Universite´ Libre de Bruxelles; C.P. 231, 1050 Brussels, Belgium
2 SISSA and INFN - Sezione di Trieste
Via Bonomea 265; I 34136 Trieste, Italy
3 ICTP - Strada Costiera 11; I 34014 Trieste, Italy
4 Physics Department, The City College of the CUNY
160 Convent Avenue, New York, NY 10031, USA and
5 IRMA, UMR 7501, Universite´ de Strasbourg et CNRS
7 rue Rene´ Descartes 67000 Strasbourg, France
We present an orientifold of a toric singularity allowing for a configuration of fractional branes
which dynamically breaks supersymmetry. This vacuum has no instability such as the ones conjec-
tured to always afflict this class of models.
Introduction—Our understanding of gauge theories was
given a dramatically new perspective when it was realized
that they appear ubiquitously in string theory. In partic-
ular, four-dimensional gauge theories with N = 1 super-
symmetry can be engineered by considering D-branes at
Calabi-Yau three-fold singularities in type IIB string the-
ory, in the limit in which supergravity decouples from the
open string degrees of freedom [1]. For those singularities
which are toric, there is a specific algorithm that com-
pletely determines the gauge theory, modulo Seiberg du-
alities. The gauge theories one gets are usually of quiver
type, with all their data (gauge groups, chiral matter
fields and superpotential couplings) best encoded in a
dimer model [2, 3].
It is a question of interest to ask whether all kinds
of N = 1 supersymmetric gauge theories can be engi-
neered in this way, or at least if it is possible to engineer
theories which reproduce all kinds of low-energy behav-
ior. This question can be ascribed, at least remotely, to
the swampland program (see [4–6]), where physics at the
low-energy, effective level is deemed possible only if it
is consistent with quantum gravity, with an embedding
in string theory fulfilling such a consistency requirement.
While confinement, generation of a mass gap and of a
chiral condensate can be shown to arise in very simple
models [7], as well as N = 2 Coulomb-like branches in
others [8–10], the fascinating possibility that the vacuum
of the gauge theory dynamically breaks supersymmetry
requires more work.
Supersymmetry can be broken in different ways. The
gauge theory may have both supersymmetric vacua and
meta-stable supersymmetry breaking vacua, which can
be parametrically long-lived. This situation can be en-
gineered with D-branes at singularities, see e.g. [11–14].
Another possibility is that there is simply no vacuum in
the theory, leading to what is called a runaway. It turns
out that such a situation is rather frequent in configura-
tions of branes at singularities, see [15–18].
The last possibility that remains is that supersymme-
try is dynamically broken in a fully stable vacuum. This
has proven to be a harder problem to engineer with D-
branes at singularities. This is partly due to the non-
genericity of known gauge theories that display such a
non-supersymmetric vacuum. After attempts to turn the
runaway into a stable vacuum proved unsuccessful [19], it
was shown in [20] that introducing an orientifold projec-
tion it is possible to engineer configurations which at low-
energies reproduce the well-known dynamical supersym-
metry breaking (DSB) model of [21], henceforth referred
to as ‘the SU(5) model.’ The same model was argued to
arise in a wider number of singularities in [22, 23]. The
existence of such models is important because, in prin-
ciple, it could be in tension with recent conjectures such
as [24–26].
Somewhat in a plot twist, the DSB configurations of
[20, 22] were more closely scrutinized in [26], where it
was found that they are actually not fully stable. Indeed,
when the DSB configuration is probed by N regular D3-
branes, an instability appears where the regular branes
split along the Coulomb branch of so-called N = 2 frac-
tional branes [16], eventually settling the configuration
in a supersymmetric vacuum. This phenomenon was fur-
ther investigated in [27], where many examples of brane
configurations at orientifolded singularities with a DSB
model were found, all with the same kind of instability.
In fact, a no-go theorem was proven in [27] showing that
for any singularity allowing for a DSB model, N = 2
fractional branes, if present, always destabilize the su-
persymmetry breaking vacuum and set, eventually, the
vacuum energy to zero. All of this was mounting evi-
dence for what could be interpreted as the impossibility
of engineering stable DSB with D-branes at singulari-
ties. In more dramatic words, could stable DSB be in
the swampland?
In this letter we argue that DSB is still in the land-
scape. We produce an orientifold of a toric singularity
which allows for a brane configuration displaying a vari-
ant of the SU(5) DSB model, and that has no instability
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2FIG. 1: The toric diagram of the Octagon singularity.
such as the one described in [26, 27], simply because it
does not admit N = 2 fractional branes. Of course we
cannot rule out any other hitherto unforeseen instabil-
ity, possibly involving subleading effects in 1/N . On the
other hand, we have a counter-example to what could
have been conjectured, namely that DSB models were
possible only in singularities admitting N = 2 fractional
branes, and hence, following the no-go theorem presented
in [27], unstable towards supersymmetric vacua [28].
The Octagon—The toric singularity we start with is the
following. We dub it the ‘Octagon’ because of its toric
diagram, that we reproduce in Fig. 1. It has 8 edges
and it is of area 14, where the unit of area is an elemen-
tary triangle with which one performs a triangulation of
the diagram. Before any orientifold projection, D-branes
probing this singularity lead to a gauge theory with 14
gauge groups.
The four-dimensional N = 1 gauge theories living on
the worldvolume of (fractional) D3-branes probing toric
Calabi-Yau three-fold singularities are fully encoded by
bipartite graphs on a two-torus known as dimer mod-
els or brane tilings [2, 3]. A simple dictionary connects
dimers to the corresponding gauge theories. Faces, edges
and nodes in the dimer correspond to gauge group fac-
tors, bi-fundamental or adjoint chiral fields and superpo-
tential terms, respectively. Dimers significantly simplify
the connection between the geometry of the singularity
and the corresponding gauge theory. Moreover, dimers
efficiently encode orientifolds, which translate into Z2 in-
volutions of the graph. We will focus on the class of
involutions studied in [20], which have either fixed points
or fixed lines [29].
According to the rules stated in [23], the Octagon does
not admit any orientifold represented as a point projec-
tion on the dimer. On the other hand, the highly sym-
metric toric diagram shows that orientifolds represented
by line projections are possible, both diagonal and verti-
cal/horizontal (the latter two possibilities are obviously
equivalent). In Fig. 2 we show the dimer of the Octagon,
together with its two orientifold vertical lines. More pre-
cisely, this is the dimer corresponding to a particular toric
+ -
FIG. 2: The unit cell of the dimer of the Octagon with
orientifold lines (in red).
phase where the vertical fixed lines are manifest. Other
toric phases, obtained by Seiberg dualities, obviously ex-
ist, but in general do not display the symmetry required
to perform the (vertical) line projection. That the dimer
of Fig. 2 indeed corresponds to the toric singularity of
Fig. 1 can be checked using standard techniques [2, 3].
In an orientifold with vertical fixed lines, each line car-
ries an independent sign, which controls the projections
of gauge groups and matter fields. The orientifold lines
identify the 6 faces (1–6) to the 6 faces (14–9), respec-
tively, each corresponding to an SU gauge group. Faces
7 and 8 are self-identified. By assigning the sign + to
the line on the edge of the unit cell, and the sign − to
the line in the middle of the cell, faces 7 and 8 inherit
an SO and an USp gauge group, respectively. Moreover,
the SU groups of faces 1 and 3 have a matter field in
the antisymmetric representation, while the SU groups
of faces 5 and 6 have a matter field in the symmetric
representation.
Before performing the orientifold projection, it is
straightforward to see that the following rank assignment
is anomaly free: faces 1, 2, 3, 7, 12, 13 and 14 have gauge
group SU(N +M), and all the others have gauge group
SU(N). Setting N = 0, one has only seven SU(M) gauge
groups: one isolated Super-Yang-Mills (SYM) on face 7
and the six others forming a loop whose links are bi-
fundamentals, together with a sextic superpotential pro-
portional to the only gauge invariant (it is represented by
the white dot in the center of the unit cell). This rank
assignment corresponds to a so-called deformation frac-
tional brane [16]. One can easily see that such a gauge
theory eventually leads to a confining behavior just like
SYM. This can be naturally UV completed starting from
a system of N regular and M fractional D3-branes which
trigger a RG-flow that can be described by a duality cas-
cade, similar to [7] and many other examples that were
3found since then. The effective number of regular branes
diminishes along the flow and the deep IR dynamics is
described by fractional branes only.
In the presence of an orientifold projection, it is no
longer granted that an anomaly free rank assignment ex-
ists at all. For instance, in the present case it can be
shown that it is not possible to find one if the signs of
the two lines are the same. However, choosing opposite
signs as in Fig. 2, one can see that there is a rank assign-
ment which is anomaly free: SU(N +M + 4) for faces 1
and 3, SU(N + M) for face 2, SO(N + M + 4) for face
7, SU(N) for faces 4, 5 and 6, and USp(N) for face 8.
Setting N = 0 we obtain a gauge theory with an isolated
SO(M + 4)7 SYM theory, which confines on its own, to-
gether with a quiver gauge theory based on the group
SU(M + 4)1×SU(M)2×SU(M + 4)3 with matter fields
and a superpotential that we proceed to analyze.
The DSB model—The gauge theory
SU(M + 4)1 × SU(M)2 × SU(M + 4)3 (1)
has matter content
A1 = 1, X12 = ( 1, 2), X23 = ( 2, 3), A3 = 3
(2)
and superpotential
W = A1X12X23A3X
t
23X
t
12 . (3)
The superpotential can be interpreted as follows. The
gauge invariant Xt12A1X12 of group 1 and the gauge in-
variant X23A3X
t
23 of group 3 are respectively in the 2
and 2 of gauge group 2, with W above providing a bilin-
ear in these two invariants, thus akin to a mass term. It
is obvious that the antisymmetrics of SU(M)2 can exist
as such only if M ≥ 2. In this case, it is possible to argue
that strongly coupled dynamics generates superpotential
terms that, together with the tree level one, eventually
lead to supersymmetric vacua. While the case M = 0
leads trivially to decoupled SYM groups at faces 1 and
3, and hence confinement, the case of interest is M = 1.
For M = 1 node 2 becomes trivial (SU(1) is empty)
and, more importantly, the superpotential actually van-
ishes. Indeed, both nodes 1 and 3 are SU(5) gauge theo-
ries with matter in the ⊕ representations, and there is
no chiral gauge invariant that can be written in this sit-
uation [21]. Hence the two gauge theories are effectively
decoupled, and their IR behavior can be established inde-
pendently. Both happen to be the SU(5) model for stable
DSB. Since the SO(5) SYM on node 7 just confines, we
thus determine that this configuration displays DSB in its
vacuum. Quite interestingly, this DSB vacuum may then
arise at the bottom of a duality cascade (possibly more
complicated with respect to the simpler unorientifolded
case, due to the orientifold projection which would mod-
ify it, see [30]), hence within a UV complete theory.
In principle, one could be concerned about stringy in-
stantons, whose presence may affect the low energy dy-
namics. Indeed, the D-brane configuration giving rise to
the DSB model, N = 0,M = 1, contains both a USp(0)
and an SU(1) factor coupling to the SU(5) gauge groups.
These are the two instances where contributions to the
low-energy effective superpotential are allowed (see [31]
and [32], respectively). However, no such contributions
can be generated in our model simply because there are
no chiral gauge invariants that can be written. We thus
conclude that stringy instantons cannot alter the DSB
dynamics.
Stability—Is this DSB vacuum stable? Though we can-
not answer this question in the most general terms, we
can check whether the instability discussed in [26, 27]
is present or not. This is very quickly done: as can be
readily seen from the toric diagram of Fig. 1, this sin-
gularity does not admit N = 2 fractional branes. The
latter arise when the singularity can be partially resolved
to display, locally, a non-isolated C2/Zn singularity and
a Coulomb-like branch associated to it. This translates
into the presence of points inside some of the edges along
the boundary of the toric diagram. The Octagon does
not have this property.
Hence, without the presence of N = 2 fractional
branes, there is no vacuum expectation value on which
the energy of the DSB vacuum can depend on, or equiva-
lently there is no Coulomb branch along which the energy
can slide to zero value.
Finally, one could worry about the N = 4 Coulomb
branch represented by regular D3-branes. In fact, as
in the previously analyzed cases [26, 27], this does not
lead to any instability at leading order in N , essen-
tially because of the conformality of the parent (non-
orientifolded) gauge theory. 1/N corrections, which can
get contributions both from the orientifold itself as well
as from fractional branes [7, 30], could spoil stability.
Indeed, flat directions are usually not expected in a non-
supersymmetric vacuum. Such corrections are not easily
calculable, particularly in a complicated singularity such
as the Octagon, hence we cannot predict whether they
will lead to a supersymmetric vacuum, or just lift the
flat direction while preserving a DSB vacuum.
Conclusions—In this letter we have presented a model,
the Octagon, which is the first instance, to our knowl-
edge, of a DSB configuration of fractional branes free of
any obvious instability. As an existence proof of such a
stable configuration, this is enough. However, it is not
by chance that this particular singularity has been found,
rather one can be led to it by a series of arguments. This
is reviewed in [33], where it is also shown that the Oc-
tagon is in fact the simplest of a family of singularities
allowing for stable DSB. All of them realize DSB through
the double SU(5) model, and this is the reason why the
simplest occurrence of this phenomenon is a singularity
4corresponding to a quiver with no less than 14 gauge
groups. More details on how to find such toric singulari-
ties, and subtleties regarding orientifold projections and
anomaly cancellation conditions, will appear in [34].
With this example, we have shown that stable DSB can
still be engineered by brane configurations at Calabi-Yau
singularities. Stability can be ensured at the leading or-
der in N , i.e. in the decoupling limit. 1/N corrections
are possibly dangerous, but more work would be needed
to verify stability at such next-to-leading order. We sim-
ilarly cannot exclude other instabilities due to mecha-
nisms that we are currently not aware of. Given the re-
markable properties of this family of models, we consider
it important to study them in further detail.
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